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The cultivated strawberry Fragaria X ananassa 
Duchesne has been grown for many years under the hill cul­
ture system in the Pacific Coast and Gulf Coast states (17). 
The hill system has entailed considerable hand labor in re­
moving the stolons as they developed. Consequently, ..numer­
ous chemicals have been tested in an attempt to suppress 
stolon formation (53)® Virus diseases have become a major 
problem in strawberry clones, and an extensive system of 
indexing and certification has been developed to assure 
virus-free strawberry plants of commercially important va­
rieties (83).
With these factors in mind, the Horticulture De­
partment at the University of New Hampshire undertook to 
develop a horticulturally acceptable, non-stoloniferous 
strawberry variety. The objective was to develop a desir­
able variety which would breed sufficiently true that it 
could be grown from seeds. Seed transmission of strawberry 
viruses is unknown at present (100), and it might be poss­
ible to avoid the need for indexing and certification pro­
grams by growing the plants from seeds.
Some non-stoloniferous strawberry varieties are 
known, but they have never been thoroughly studied nor ex­
ploited, Therefore, the initial steps in this breeding 
program have been to study the nature and breeding behavior
1
2of the non-stoloniferous character in the cultivated straw­




History. The history of the development of the 
cultivated strawberry, Eragaria X ananassa Duchesne, has 
been well documented (8,9>20,38)« Some recent breeding 
work with strawberries, as well as a consideration of sev­
eral of the other species in the genus Eragaria, however, 
should be discussed.
No comprehensive monograph of the genus Eragaria 
has been available, and the nomenclature is somewhat con­
fused. Therefore, the species used in breeding work re­
ported in the literature have been listed as cited by the 
authors. In cases where there was an earlier synonym it 
has been enclosed in parentheses.
It has been shown that Eragaria virginiana Duchesne 
and E. chiloensis (L.) Duchesne were the parents of the 
cultivated strawberry (20,38). It has been stated that E. 
vesca L. may have been incorporated into certain of the 
European everbearing varieties (12,39>50). Van Eleet (92) 
stated that an unspecified European variety of strawberry, 
supposedly carrying F. vesca genes, was being used to im­
prove the runner-making tendency while retaining the ever- 
bearing characteristic of North American kinds. Some Euro­
pean everbearing varieties, notably Sans Rivale, reportedly 
were derived in part from cultivated varieties of E. vesca 
(12,39)<» The European variety, Louis Gauthier, reportedly
came from a cross between an unidentified large fruited, 
everbearing variety and La Belle de Meaux (F. vesca)(39)* 
Louis Gauthier has been stated to be one of the early 
sources of the F. vesca genes in North American everbear­
ing varieties (39) •
However, many authors (34,35»77) have questioned 
the assumptions made in stating that F. vesca has entered 
into the cultivated kinds* Ellis (35) stated that F. vesca 
crossed with F. grandiflora (F. X ananassa (37) ) gave 
highly infertile pentaploid offspring*- Scott (77) reported 
that the cultivated strawberry gave some fertile hybrids 
with tetraploid F. vesca, and upon cytological investiga­
tion he found a range of chromosome numbers from 4-0-42 up 
to 77• East (34) obtained a diploid seedling from a cross 
vesca with F. virginiana which he considered to have 
7 vesca and 7 F. virginiana chromosomes. These authors 
stated that it was unlikely that an acceptable seedling 
could have occurred in a cross between F. vesca and F. X 
ananassa (35>77).
More recently, F. ovalis (Lehm) Rydberg and F. platy- 
petala Rydberg (F. cuneifolia Nutt (20) ) have been utilized 
in breeding in an attempt to incorporate greater winter 
hardiness (41,32,67). Both of these species have been re­
ported to have the same level of ploidy as the cultivated 
varieties (39).
The earliest North American everbearing varieties 
were derived from Pan American, an everbearing sport of 
the June-bearing variety Bismark. Pan American exhibited
5limited runner formation and blossomed repeatedly. Darrow 
(24-) and Hildreth and Powers (52) reported collecting ever- 
bearing types from the wild in the Rocky Mountains. They 
did not indicate whether these were collections of P. ovalis 
or vesca* Darrow (22) has described the Ambato variety 
of F. chiloensis as bearing fruit the year round at.Am­
bato, Ecuador.
Non-stoloniferous or so-called runnerless plants 
are of frequent occurrence in F. vesca. Bunyard (8) re­
ported a species, F. eflagellis Duchesne (F. vesca L. (8) ), 
in 1890 that produced no stolons. Fernald (36) has collected 
a species F. multicipita Fernald, endemic to the Gaspe Pen­
insula in Canada, that rarely produced stolons.
Darrow (14,18) found non-stoloniferous plants among 
seedling progenies of everbearing varieties. Similar re­
sults from seedlings of everbearing varieties have been re­
corded by other workers (11,82). In 1951 Silva (82) applied 
for a plant patent for an everbearing variety that produced 
no stolons. The plant resulted from mating the variety 
Rockhill with a seedling of the cross Gem x Wayzata. All 
of the parents were everbearing kinds.
Morphology. The strawberry has been described as 
an herbaceous perennial composed of roots, inflorescence?, 
runners or stolons, and crowns. (A strawberry crown is a 
telescoped stem with leaves and buds. It is capable of 
forming adventitious roots.) The buds produced by the 
strawberry plant have been shown to have developed into any
one of 3 types of branches: a secondary crown, a runner,
or an inflorescence (14,43,60). The runner is composed of 
a pith surrounded by a cylinder of vascular tissue covered 
by a thick layer of cortex (96).
Darrow (14) has stated that branch crowns, -runners 
and inflorescences were simply different modifications of 
the stem, any one of which may be produced from the grow­
ing points in the leaf axils. The type of growth depended 
on the genetic constitution of the variety, and on environ­
mental conditions. Darrow (15) noted inflorescences which 
bore a remarkable resemblance to runners and which he felt 
might have been an intermediate form.
Robertson and Wood (76) stated that the runner or 
stolon was lateral in origin from the mother plant. They 
indicated that the stolon arose from the bud immediately 
below the inflorescence on crowns with terminal inflores­
cences. Guttridge (43) reported that the axillary bud im­
mediately below an inflorescence on an established plant 
had never been observed to develop into a stolon. In veg­
etative crowns the first stolon arose in the axil of the 
second or third youngest leaf.
The stolon has been reported as typically 2 nodes 
long, the apex of which was enveloped by a completely en- 
sheathing bract. The entire bud, forming the stolon, 
emerged by rapid growth of the first or basal internode.
The leaf initials and stem apex were carried forward at 
the tip. Growth continued until the first node was several 
inches from the mother plant, after which the apex was car-
7ried further by the elongation of the second internode.
The stolon continued to extend until the young leaves of 
the daughter plant emerged from the bract. These young 
leaves were closely followed in many cases by a second 
young stolon, with its apex also ensheathed in a bract, 
which was formed from an axillary bud. The daughter plant 
was developed from the growing point of the first stolon 
and the extension of the original stolon was carried on by 
a lateral bud which developed in the axil of the bract be­
low the original growing point. There was no essential 
morphological difference between the first daughter plant 
on a stolon and a branch crown on the parent plant. The 
stolon differed from the branch crown mainly in the exten­
sive elongation of the first two internodes. (14,4-3,60,76) 
Darrow noted that the inflorescences produced by 
strawberry plants tended to be highly variable. Strawberry 
varieties differed in the number of inflorescences per 
plant, the type of inflorescences and in the average number 
of flowers in each inflorescence. Variable inflorescences 
were characteristic of the species from which the cultivated 
varieties were derived. (13)
According to Robertson and Wood (76,77)» flower 
buds were terminal, and the inflorescences developed from 
fruit buds which were transformed vegetative growing points. 
They also stated that inflorescences terminating small axil­
lary buds seldom reached maturity® The plants used in 
their experiment were standard June-bearing varieties.
Waldo (93) considered the broadening of the crown.
and the flattening of the growing point to be an indication 
of flower bud formation. As the flower stalk elongated, 
ne~w growing points appeared at the base and developed into 
secondary flowers or other flower stalks. Further elonga­
tion resulted in tertiary and quaternary flowers.
Waldo stated that after the spring crop, everbearers 
produced many short branches and the growing points soon 
differentiated a flower bud. The result was repeated 
fruiting, and a much branched crown. He also indicated 
that everbearing varieties produced stolons and new branches 
and differentiated fruit buds during the 3 to 4 weeks fol­
lowing the spring crop. (94)
Robertson indicated that flowers that appeared in 
the spring were derived from primordia which were formed 
the previous fall. Flowers borne subsequent to the spring 
crop were initiated a few weeks prior to emergence. She 
also noted that runners which were formed early developed 
flower primordia and generally flowered in mid to late sum­
mer along with the mother plant. (74)
Photoperiod. Garner and Allard (40) in 1920 found 
that the relative length of day (photoperiod) affected the 
growth and development of plants, especially as regards 
flower production.
Darrow and Waldo (28,29) noted that various straw­
berry varieties had different requirements of photoperiod. 
They proposed determining the regional adaptation of varie­
ties based on their response to additional light and temper­
9ature. Darrow (16) observed that temperature was generally 
the limiting factor in growth and that the highest rates 
of growth occurred with day temperatures within a range of 
68 to 70° F.
In 1933 Darrow and Waldo (29) further emphasized 
the role of photoperiod in the local adaptation of straw­
berry varieties* They believed that the rest period re­
sulted from nutritional conditions following exposure to 
short daily light periods* If strawberry plants were given 
additional light before the advent of short days, all var­
ieties made vigorous growth throughout the winter. In con­
trast, plants not provided with additional light initiated 
flower bud formation with the onset of short days and soon 
entered the rest period.
Greve (42) further supported the thesis of photo- 
periodic induction of flower bud initiation in work on the 
Howard 17 variety. His results indicated that the photo­
period influenced the chemical composition of the plant, 
primarily the carbohydrate-nitrogen ratio. He stated that 
flower bud formation depended upon a nutritional condition 
produced within the plant by a favorable photoperiod.
Further work by Darrow (19) indicated that, regard­
less of temperature, short days inhibited runner formation 
and promoted flower production. He found that varietal dif­
ferences were very important. In 1937 (21) he reported 
that plants held at a 16-hour photoperiod and at a tempera­
ture of 60° F. failed to enter a rest period. Other plants 
held at the same temperature, but which had received only
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the normal photoperiod of 14 hours entered a rest period.
Hartmann (47) postulated that the reduction in tem­
perature may be equally as important as the short photo­
period in inducing flower bud formation. He stated that 
temperatures in excess of 70° F., inhibited flower bud for­
mation. A constant day and night temperature of 70° F. ap­
peared to inhibit runner formation and to delay flowering 
in comparison with 80° F. day and. 60° F. night temperatures. 
He determined that the critical number of short days for 
flower bud initiation varied within the range of 6 to 8 
calendar days.
In another experiment Hartmann (46) grew strawberry 
plants in a light chamber and trained the runner plants 
through an opening in the chamber. He was thus able to 
grow the two portions of the strawberry plant under differ­
ent photoperiods while they remained attached by the elon­
gated stolons. He found that the runner plants growing 
under a long photoperiod (15 hours) would blossom if the 
mother plant received a short photoperiod (10 hours). He 
reported that the plants which initiated the most flower 
clusters developed the fewest runners. He noted that 
plants held in a long photoperiod became reproductive when 
portions of the leaf area were subjected to a short photo­
period. The number of flower clusters which resulted from 
this treatment was in direct ratio to the percent of leaf 
area in the short photoperiod.
Borthwick and Parker (5) recorded an increase in 
runner production with an increase in the length of the
photoperiod from an 8-hour to a 17-hour photoperiod. They 
found that a break of one-third, 1, or 3 hours of the dark 
period increased runner formation as compared with no 
break using an 11-hour photoperibd. Petiole length and 
leaf area tended to increase with increasing photoperiod 
while the total number of leaves decreased. They obtained 
the greatest blossom formation at the^Ll-hour photoperiod.
Downs and Piringer (33) noted that everbearing 
varieties of strawberry reacted in a different manner than 
did the standard June-bearing varieties to a specific 
photoperiod. Everbearing varieties produced the most sto­
lons at a 13-hour photoperiod while under long-day condi­
tions flower production was increased. The everbearing 
varieties produced few runners at any photoperiod. They 
also found that fasciation of the fruit appeared to be re­
lated to photoperiod regardless of the variety or the bear­
ing tendency.
Genetics. The genus Fragaria has been shown to 
comprise a euploid series (55>59)« Diploid, hexaploid and 
octoploid wild species have been reported. The cultivated 
strawberry was reported to be an octoploid hybrid between 
2 wild octoploid species, F. chiloensis and F. virginiana. 
(20)
Lindstrom (58) indicated that no critical genetic 
research had been accomplished above the tetraploid level. 
Several authors (11, 20,69) have reported the segregation 
of phenotypic characters in the cultivated strawberry as 
fitting diploid segregation ratios.
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Yarnell (99) conducted a study of polyploidy in 
the genus Fragaria. He crossed a pink-flowered tetraploid 
with a white-flowered octoploid and found the F-^ seedlings 
were all white flowered. Yarnell (98) made cytological 
examinations of plants resulting from a diploid times octo­
ploid cross. He stated that pairing occurred between the 
chromosomes of both parents and among the remaining chromo­
somes of the octoploid parent.
Darrow (20) reported that random chromosome pairing 
occurred in the cultivated strawberry. Powers (67) indi­
cated that allosyndesis was the rule in F-^ hybrids between 
F. ovalis and the cultivated strawberry. He also reported 
that the occurrence of associations of more than 2 chromo­
somes to form multivalents during meiosis was infrequent.
Richardson (70,71,72,73) studied the genetics of 
Fragaria, especially of the diploid species. He observed 
that the tendency to make runners showed marked dominance 
over the runnerless character in F. vesca. He recognized 
no apparent genetic control over whether a seedling formed 
runners first or blossoms first. He noted that some plants 
produced flower trusses which functioned as runners because 
they formed adventitious roots.
Cummings and Jenkins (13) found that octoploids 
tended to produce seedlings that fell into groups similar 
to the parents in the tendency to produce a large or a 
small number of runners. Powers (68) stated that the ten­
dency to produce a large number of runners was at least 
partially dominant over the tendency to produce a small
number of runners.
Richardson (70) found that the everblooming char­
acter in cultivated strawberries was conditioned by more 
than 1 genetic factor. Clark (11) observed that the ever- 
bearing tendency behaved as a dominant character affected 
by some type of factor interaction in most cases. One var­
iety carried the everbearing tendency as a recessive char­
acter. Powers (69) stated that the everbearing tendency 
was conditioned by both dominant and recessive genes. He 
indicated that the effect of the genes was cumulative and 
not all of the genes were equally effective. He also noted 
that at least 6 genes appeared to be involved.
Other phenotypic characters have been studied with 
similar results. Clark (10) reported that the average 
date of ripening of seedlings tended to be intermediate be- 
tween the parents. Darrow and Scott (27) found that early 
blooming of 2 wild species appeared to be dominant. They 
also observed that cold hardiness appeared to be trans­
mitted as a quantitative character. Hildreth and Powers 
(32) recorded apparent dominance of winter hardiness in P. 
ovalis.
Baker (3) studied fruit characters and found that 
large size and fruit finish showed heterosis. Scott (78) 
indicated that fruit size, expressed as weight, was gov­
erned by a number of genes with small size partially dom­
inant.
Darrow and Borthwick (26) stated that a tendency 
to fasciation was inherited. Darrow (23) has also found
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that leaf variegation (June Yellows) was due to a recessive 
gene or genes. He postulated that variegation was due to 
a frequently mutating or unstable gene and the tendency to 
mutate was inherited as a recessive character.
Stembridge and Scott (88) indicated that resistance 
to red stele infection was partially dominant and quantita­
tively inherited.
The effects of inbreeding strawberries and the pos­
sibilities of obtaining superior hybrids by this method 
have been studied for some time.
Jones and Singleton (56) reported that selfing re­
duced the size of plants and the number of runners that the 
plants would produce. They found that some degree of uni­
formity was attained after 3 generations of inbreeding, 
but that the plants were weak and difficult to maintain. 
Crossing the inbred lines fully restored the size and vigor 
of the progeny. They reported that it could not be posi­
tively stated that crosses of inbred lines were more likely 
to give better results than crosses of varieties.
Overcash et al (63) indicated that the possibilities 
of developing desirable varieties through the crossing of 
inbred lines may be greater than has been realized.
Hunter (54) inbred strawberry lines to the Fg gener­
ation and reported homozygosity for some characters in the 
F^ . He observed little improvement over the parents by 
crossing F2, F^ , or F^ inbred lines.
Morrow and Darrow (61) also found that selfed, back- 
crossed, or sib-crossed progenies generally had greatly re­
15
duced vigor as compared with the vigor of the parent plants. 
They stated that the chief value of inbreeding appeared to 
be in concentrating one or more desirable characters in an 
inbred line.
Spangelo (85) and Spangelo and Hunter (86) noted 
that seedlings of some crosses of inbred lines were quite 
uniform and commercially acceptable. The crossing of Sg 
selections derived from certain varieties gave a.higher 
percentage of promising selections than did direct crosses 
between the varieties.
Darrow (25) has stated that 1 generation of inbreed­
ing gave a higher ratio of valuable seedlings than direct 
crosses between the parents.
Seed Germination. Techniques of collecting, stor­
ing, and germinating strawberry seeds have been studied by 
several workers. Borgmann (4-) noted that freshly harvested 
strawberry seeds were difficult to germinate. However, 
after a cold treatment of 11 days at 1° C. the seeds ger­
minated quickly. Henry (51) reported that seeds of Fra- 
garia reached a sufficient stage of maturity to germinate 
prior to the maturity of the berry. He found that 77° F. 
was the best temperature for germination.
Scott and Ink (79>80) planted strawberry seeds on 
shredded sphagnum and maintained day temperatures at 75 to 
80° F. and night temperatures at 65 to 70° F, Under these 
conditions germination occurred from 12 to 55 days after 
planting. After-ripening for 1 month at 36° F. hastened 
germination.
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Bringhurst and Voth (7) found that strawberry seeds 
stratified between moist filter paper discs in petri dishes 
held at 32 to 34° F. gave satisfactory germination after 3 
months. Maximum germination was achieved after 4 months 
of stratification-. Henry (31) indicated that seed stored 
dry at 7° C. germinated poorly after 6 months.
Culture of the Strawberry. There are 3 common 
systems of training the "strawberry plants in the field: 
matted row, spaced row, and hill system. Darrow (17) and 
others (48,53*37) have thoroughly described these systems 
of training.
Haut and Schrader (48) compared the yields of ever- 
bearing strawberries and reported that the best yields were 
obtained from the matted row and the poorest from the hill 
system. Judkins (57), using everbearing varieties, found 
that the hill system and spaced row outyielded the matted 
row. Hitz (53) stated that hand control of runners gave 
best results and matted row gave poorest results with June- 
bearing varieties. Denisen et al (32) obtained larger 
berries from a mulched row of strawberry plants with the 
runners removed mechanically than from an unmulched matted 
row. They stated that the hill system' was adapted to home 
garden use.
The removal of blossoms from recently set plants 
to promote vegetative growth has been considered beneficial. 
Judkins (57) reported that hand removal of the blossoms in 
the spring from everbearing varieties slightly reduced the 
fall crop. The plants were more vigorous and developed
17
more runners. Denisen et al (52) removed the blossoms on 
everbearing plants until July 1. This enhanced the vege­
tative growth of the plants. Scott and Marth (81) stated 
that development of inflorescences affected vegetative de­
velopment of the plant. The initiation and growth of in­
florescences tended to reduce shoot growth and lower the 
rate of leaf initiation. They indicated that the removal 
of blossoms from recently set strawberry plants was more 
beneficial in the establishment of a vigorous planting than 
almost any other cultural operation. They observed a con­
siderable increase in runner production with hand removal 
of the blossoms.
According to Amey (2), stolon production did not 
compete with shoot growth of the parent plant and did not 
appear to cause any reduction in leaf size. Darrow (16) 
reported that removal of stolons resulted in larger mother 
plants with a smaller total leaf area than plants with sto­
lons. Waldo (95) noted that flower and stolon removal stim­
ulated more stolons and extended the period of stolon pro­
duction, He stated that continual stolon removal increased 
flower and fruit production. Denisen et al (52) found that 
runner removal promoted the formation of multiple crowns.
In recent years the chemical control of- runners 
has received considerable attention, Denisen (50) in 1955 
reported the use of maleic hydrazide to control runner for­
mation. He indicated that periods of fruit bud differenti­
ation and fruit bud development were critical stages for the 
application of growth-regulating chemicals. Reduced yields
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and often death of the plant resulted from the use of maleic 
hydrazide during this period. Boynton and Yatsu (6) found 
that strawberry rows treated with ma-leic hydrazide yielded 
less than the matted row. The berries, however, were 
larger on rows treated with maleic hydrazide. Hitz (53), 
on the other hand, observed that maleic-hydrazide-treated 
rows outyielded matted rows in comparative tests.
Thompson (89) found that a single application of 
maleic hydrazide was effective in inhibiting 2 emerged and 
4 unemerged runners on a treated plant. He stated that the 
greater the maturity, of the runner the greater the amount 
of maleic hydrazide needed to inhibit that runner. Runners 
that had rooted proved to be resistant to inhibition. His 
results indicated that maleic-hydrazide-treated plants gave 
higher yields than the matted row and even compared well 
with hand control of the runners.
The effect of gibberellic acid on the growth of the 
strawberry plant has also been under study in recent years. 
Wittwer and Bukovac (97) observed a marked increase in the 
elongation of inflorescences, petioles, peduncles, and 
crown branches on strawberry plants treated with gibber­
ellic acid. Porlingis (64) found that gibberellic acid stim­
ulated the vegetative growth of terminal axes of strawberry 
plants. The treatment caused previously differentiated in­
florescences to develop more rapidly and greatly increased 
the stolon production under a 16-hour photoperiod. Gibber­
ellic acid applied as a paste to young leaves of plants 
under a 10-hour photoperiod induced stolon production from
19
axillary buds. Three sprays of gibberellic acid inhibited 
flowering and promoted stolon production at the 16-hour 
photoperiod.
Thompson and Guttridge (90) reported elongation of 
vegetative and reproductive parts from the application of 
various concentrations of gibberellic acid. Gibberellic 
acid induced runner formation in strawberry plants grown 
under a short photoperiod. They suggested that gibberellic 
acid may have partially substituted for a long-day-produced 
hormone or vegetative growth-promoting substance (44-,4-5).
SECTION III
MATERIALS AND METHODS
The following strawberry varieties and selections 
were utilized in this study:
Macedonian - a seedling obtained from open-pollinated 
strawberry seeds collected in Greece by Mr. H.A. Wallace. 
Some of the seeds were sent to Mr. Donald Chandler, New 
Gloucester, Maine. Mr. Chandler noted a non-stoloniferous 
seedling among the progeny and donated it to the University 
of New Hampshire. It was called Macedonian for convenience 
in labeling and keeping records and is abbreviated as M in 
this thesis.
Sans Rivale - obtained from the Northeastern Regional Plant 
Introduction Station, Geneva, N.Y. as P.I. 206988. It is 
an everbearing variety that was developed in Prance circa 
1937 by Roland Chapron. It is abbreviated as SR in this 
thesis.
Geneva - obtained from Dr. G.L. Slate, N.Y. Agricultural 
Experiment Station, Geneva, N.Y. as NY54-7. An everbearing 
kind with Redrich, Streamliner and Pairfax in its parentage. 
Iowa 7-03 - received from Dr. E.L. Denisen, Iowa State 
University, Ames, Iowa as open-pollinated seeds of a selec­
tion by this number. Iowa 7-05 is an everbearing selection 
from the cross (Dresden x Dorsett) x Streamliner (31).
Jessie - obtained from Dr. D.L. Craig, Canada Department 
of Agriculture, Kentville, Nova Scotia. A June-bearing
21
variety selected from Sharpless x Miner's Prolific. It is 
abbreviated as J in this thesis.
Redrich - obtained from Lewis Farms, Andover, Massachusetts. 
An everbearing kind with Wayzata and Fairfax in its par­
entage .
Lee Gem - an everbearing variety of undisclosed parentage 
developed by Mr. Leland Larson, Brigham City, Utah. It was 
obtained from Mr. Donald Chandler, New Gloucester, Maine.
It is abbreviated as LG in this thesis.
A. Breeding behavior studies. Strawberry plants
to be used for breeding were removed from the field dur­
ing September or October and taken into a cool (40° F.) 
greenhouse.' The plants were transplanted into 12-inch 
three-quarter or 12-inch standard clay pots. The plants 
were then held in the cool greenhouse for 1 month to allow 
time for root formation.
When established the plants were moved to a warm 
screened greenhouse. Prior to being placed in this green­
house all plants were dipped in Thiodan emulsion (2 tea­
spoons per gallon of water) to control cyclamen mite (Tar- 
sonemus pallidus Banks). The greenhouse temperature was 
maintained at approximately 70° F. days and 60° F. nights. 
Supplemental light to maintain a 17-hour photoperiod was 
provided by 100-watt Mazda bulbs with reflectors, spaced 4 
feet apart at a height of 2}£ feet above the bench. The 
lights were controlled by an automatic timer (Tork No.
1191, 3500 Watt, 35 amp at 125 V.) which was set to operate
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the lights so as to provide the desired photoperiod. The 
desired photoperiod was calculated from data obtained from 
the American Ephemeris and Nautical Almanac (91') as shown 
in Table 2 of the Appendix.
Strawberry blossoms were emasculated by the thumb­
nail technique described by Darrow (20). The blossoms were 
emasculated approximately 1 day prior to anthesis as deter­
mined by the amount of white petal visible in the bud.
Emasculated blossoms were pollinated the following 
day, using a camel-hair brush to place the pollen on the 
stigmatic surfaces of the blossoms. A particular brush was 
kept for each plant and was used to collect pollen from 
only that plant. Pollen was collected, from blossoms which 
had been allowed to open normally, by twirling the brush 
over the anthers after anthesis. Pollen on the brush was 
transferred immediately to an emasculated blossom. Every 
pollinated blossom was marked by placing a tag on the pedi­
cel. The pedigree of the pollen parent and the date of 
pollination were recorded on the tag.
Berries resulting from hand pollinations were har­
vested when ripe. The skin, with the achenes, was cut away 
from the pulp and spread on a paper towel. Towels used 
were Nibroc Towels manufactured by Brown Paper Company, Ber­
lin, New Hampshire. The parentage of the cross was written 
on the towel in pencil. The towel, with the achenes, was 
air dried for 24 hours after which the towel was folded 
and stored in a refrigerator at 40 to 45° P. Just prior 
to planting, the achenes were removed from the paper towels,
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placed in coin envelopes, and stored in the refrigerator.
Seeds were germinated in seed flats on a soil mix­
ture containing equal parts of composted soil, peat, and 
sand. The soil was firmed in the flat and the seeds spread 
over the surface. The seeds were then covered with a thin 
layer of soil sifted through an 8-mesh screen. The soil 
was firmed again and a small amount of 76-percent Fermate 
dust (Dupont) was blown over the surface of the soil by 
means of a small hand duster. A separate seed flat was 
used for each progeny regardless of the size of the progeny.
All seed flats were placed in a warm greenhouse 
(70° F. day and 60° F. night temperature) to allow the 
seeds to germinate. A 17-hour photoperiod was maintained 
by supplemental light as described previously. Seeds were 
planted on February 13, 1939; January 14, I960; and Janu­
ary 10, 1961.
Transplanting of the seedlings was started as soon 
as some seedlings had developed their first true leaf. All 
seedlings were transplanted into 2#-inch clay standard pots 
or 2}£-inch clay rose pots. The soil mixture was the same 
as.that used for germination. Seedlings were watered with 
a transplanting solution of dilute ammonium sulfate (ca 1 
tablespoon in 2 gallons of water). After all seedlings of 
sufficient size had been transplanted the flat was returned 
to the greenhouse bench to allow the later germinating seeds 
to emerge. Therefore a single flat usually produced 2 or 
3 "flushes" of seedlings. A 17-hour photoperiod was main­
tained for growing the seedlings.
A record was kept of all seedlings transplanted 
and of the eventual disposition of every plant. Seedlings 
which produced stolons were discarded as were all plants 
exhibiting any form of leaf variegation or other abnor­
mality.
Seedlings were transplanted to the field as early 
as possible in the spring. The actual date of the start 
of field planting was dependent on the weather and soil 
conditions rather than on a particular calendar date. Sev­
eral weeks were required to complete field planting of the 
seedlings.
The plants were spaced 16 to 18 inches apart in 
rows 3# feet apart in the field. No attempt was made either 
to group or to distribute progenies in the field. Available 
land and labor largely dictated the planting and cultural 
procedures.
The plants were observed throughout the growing sea­
son and any plant that produced a stolon was soon removed.
In I960 and 1961 vigor ratings based on a system devised 
by Morrow et al (62) were made during the first week in Sep­
tember, The plants were rated by selecting the most vigor­
ous plant in the field and designating it as having a vigor 
rating of 10. Each plant in that field was rated against 
this plant by visual comparison. Figure 1 shows a compari­
son between a plant rated as 10 and a plant rated as 1 in 
vigor. An average value for each progeny was obtained in 
this manner. The vigor ratings of some progenies were com­
pared by Fisher's "t" test (49). Comparisons were made
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only between progenies planted the same year and not be­
tween results obtained in the 2 years of field observation.
All plants in the field were carefully observed 
throughout the growing season for desirable fruit charac­
ters to facilitate the selection of parents for use in fur­
ther breeding. Starting in 1959, plants selected for fur­
ther breeding were numbered for convenience in record keep­
ing. Selections made in 1959 were numbered 59-1, 59-2, and 
so on, those made in I960 were numbered 60-1, 60-2, and so 
on. All selections made are listed in Tables 3 and 4 of 
the Appendix.
Plants remaining in the field at the end of the 
season were mulched with hay during the first week of Novem­
ber to afford winter protection. The hay was removed from 
the field when growth began in the spring. The strawberry 
seedling plants were maintained for a minimum of 2 years 
to observe possible stolon production in the second year.
During the 1961 growing season photographs were 
taken of vegetative inflorescences, stolons, and of a vi­
gorous plant rated as 10 and a weak plant rated as 1 in 
vigor.
Statistical comparisons of the progenies were made 
by using Chi-square in Contingency tables of the R x 2 type 
as described by Snedecor (84). Yates' correction factor 
for continuity was applied in all cases as described by 
Snedecor (84).
B. Greenhouse Experiments. During I960 and 1961
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figure 1. Extremes of size among strawberry seedlings 
after 1 season of growth. Top plant was assigned a vigor 
rating of 10, bottom plant a vigor rating of 1.
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2 experiments were conducted in the greenhouse to determine 
the effect of photoperiod and other factors on the growth 
of non-stoloniferous selections* Stolon production, under 
these greenhouse conditions, by these non-stoloniferous 
selections was studied.
To provide a sufficient number of plants for exper­
imental purposes some of the numbered selections from the 
field plantings were increased by vegetative propagation.
The plants were removed from the field in September and 
taken into the greenhouse where the crowns were divided.
All crown divisions were put into pots, if there were suffi­
cient roots, or placed in a propagating frame to promote 
root formation. When all crown divisions had rooted and 
had been potted they were placed in a cold frame and the 
plants were mulched with pine needles.
On April 11, I960, 96 clonally-propagated plants 
from 5 non-stoloniferous selections and the variety Sparkle 
(stoloniferous) were removed from the cold frame and put 
into a warm greenhouse (70° F. days and 60° F. nights).
The plants were divided into two equal lots (28 
each), 1 of which received a 17-hour photoperiod, the 
other a 12-hour photoperiod. The 12-hour photoperiod was 
obtained by placing a light-proof cloth over those plants 
receiving the 12-hour photoperiod. The 17-hour photoperiod 
was obtained by the use of supplemental light as described 
previously. On April 28, I960, 29 milliliters of a 90 ppm 
aqueous solution of a sodium salt of gibberellic acid (10- 
percent, Distillation Products) were applied as a spray to
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one plant from each non-stoloniferous selection and to 3 
plants of the Sparkle variety in each photoperiod treat­
ment. On June 15, the height of each plant was measured 
by placing, a ruler on the soil beside the plant and deter­
mining the height in inches to the highest point of the 
plant. The number of stolons produced and formation of ad­
ventitious roots on the inflorescences were also recorded 
for each plant.
On March 3, 1961, 20 clonal propagations from each 
of 2 non-stoloniferous selections and the variety Sparkle 
(stoloniferous) were removed from the cold frame and put 
into the greenhouse as described previously. Ten plants 
of each selection were placed under a 17-hour photoperiod 
and 10 plants of each selection were placed under a 13-hour 
photoperiod. The inflorescences were removed, as they ap­
peared, from 5 plants of each selection under each photo­
period but not from the remaining 5 plants of each selection. 
On June 13, observations were made on the height of each 
plant, number of inflorescences and stolon production.
Statistical analysis of the data on height of the 
plants was made by Orthogonal Comparisons, according to 
Snedecor (84). The computations were made by Professor 
O.B. Durgin of the New Hampshire Agricultural Experiment 
Station on an IMB 1620 Data Processing System.
SECTION IV
RESULTS AND DISCUSSION
Since the cultivated strawberry has been shown to 
be an octoploid (59)> the breeding behavior of the non- 
stolonif erous character has been stressed herein rather 
than genetics. It has been stated previously that the genet­
ics of octoploid plants have not been critically studied 
(53,87). The large progenies necessary for a conclusive 
genetic analysis at the octoploid level and the lack of in­
formation on the segregation and recombination of alleles 
precluded a genetic analysis of these data.
The results obtained by growing self- and open- 
pollinated seedlings of 4- everbearing strawberry varieties 
(see Table 1) indicated that these everbearing varieties 
all produced non-stoloniferous seedlings. Chi-square com­
parisons made for the 4- varieties in all possible combina­
tions showed that Sans Rivale had a significantly greater 
percentage of stoloniferous seedlings than did the other 3 
varieties, or conversely, a smaller percentage of non- 
stolonif erous plants. Everbearing varieties in general, 
may be a source of non-stoloniferous seedlings. Bunyard 
(8), Clark (11) and Darrow (14-,18) all reported the occur­
rence of non-stoloniferous seedlings among-the progenies 
of everbearing varieties. This possibility of obtaining 
non-stoloniferous seedlings from self- or open-pollinated 
everbearing varieties provides a source of breeding material
Table 1. Data for progenies of Ig everbearing strawberry varieties
Variety or 
Selection Total no. of plants Cumulative percentages of
and Year Ron-stolon- Stolon- stoloniferous plants
Pollination Planted iferous iferous I960 1961 1/
Sans Rivale x self I960 59 337 8I4..I 85.1
Redrich x self I960 39 76 61p.3 66.1 a
Geneva x self I960 19 38 63.2 66.7 a
Iowa 7-05 x open 1961 71+ 139 ---- 65.3 a
~  Chi-square test: percentages for 1961 with the same letter are not significantly 
different•
31
for use in developing non-stoloniferous varieties. Also, 
a non-stoloniferous standard June-bearing selection from 
Fairfax self-pollinated was obtained from the New Jersey- 
Agricultural Experiment Station in 1959• This selection 
has remained non-stoloniferous for 5 years under the envi­
ronmental conditions in New Hampshire.
All non-stolonif erous selections made in this study 
have been everbearing types. With the exception of 2 seed­
lings observed in 1961 that produced neither blossoms nor 
stolons, all seedlings classified as phenotypicaily non- 
stoloniferous during their first year of growth in the 
field produced blossoms the first year. After having been 
given a period of chilling over winter, these two seedlings 
blossomed normally when brought into a warm greenhouse in 
the spring of 1962.
Since those seedlings from the everbearing varieties 
that proved to :be non-stoloniferous blossomed in their 
first year (some in the greenhouse, grown under a 17-hour 
photoperiod blossomed in 81 days), this indicates some di­
rect relationship between the everbearing tendency and the 
production of stolons or the lack of stolon production.
Arney (2), Darrow (14,15), Guttridge (45), Mann (60), and 
Robertson and Wood (75»76) have stated that crown branches, 
stolons, and inflorescences of the strawberry are simply 
different modifications of stem structures and that any 
one of them may be produced by a bud in the axil of a leaf, 
depending on the genetic constitution of the variety and on 
the environmental conditions influencing the plant. If
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this is true then a suppression of the tendency to produce 
stolons could mean that the buds could develop into either 
crown branches or inflorescences. The additional crown 
branches could provide more terminals for flower bud ini­
tiation. Several authors (13» 74, 76, 93 > 94) have noted 
that inflorescences were terminal on crown branches of 
strawberry plants.
It would appear that a genetic control of stolon 
production inherent in the plant as opposed to mechanical 
removal of stolons or chemical suppression of them would 
tend to favor an increase in the number of crown branches 
and a subsequent increase in the number of inflorescences.
The number of crown divisions obtained from 1-year-old non- 
stoloniferous seedlings in this study appears to support 
this assumption. Many non-stoloniferous selections had 20 
or more crown divisions and 1 selection had 30. On August 
26, I960, a total of 57 inflorescences was removed from a 
2-year-old non-stoloniferous selected seedling in the field. 
Darrow (15) examined 48 stoloniferous varieties of straw­
berry, including 2 everbearing varieties, and reported an 
average of 1.6 crowns and 2.4 inflorescences per plant. 
Denisen (30), Hitz (53) > Judkins (57) and Waldo (95) have 
shown that either chemical or mechanical control of the 
stolons resulted in larger crowns and more inflorescences 
per plant on strawberry varieties. Thus it would appear 
that the suppression of stolon production genetically, 
chemically or mechanically could enhance the production of 
crown branches and inflorescences.
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In this study, 5 years of field observations of 
seedlings from 6 crosses between non-stoloniferous selections 
(4 of them, erroneously classified as such) and Sans Rivale, 
a stoloniferous everbearing variety, (see Table 2), indi­
cated that a cross between MxOI#7> a non-stoloniferous se­
lection, and one erroneously classified as such, JxM#l, had 
a significantly smaller percentage of stoloniferous seed­
lings than did the crosses with Sans Rivale. Data in Table 
1 indicated that Sans Rivale produced 85.1 per cent of sto- 
loniferous seedlings in 2 years of growth when self­
pollinated, whereas the 6 above crosses with Sans Rivale 
(Table 2) ranged from 84.6 per cent to 92.5 per cent and 
were not significantly different.
These results (Table 2) also indicated that at 
least 5 years of field observations were necessary to de­
termine which strawberry plants were phenotypically non- 
stoloniferous. This is further substantiated by the fact 
that other plants selected at the close of their first 
year's growth in the field as phenotypically non-stoloniferous 
subsequently produced stolons (see Appendix Table 1).
The cumulative data for 1961 (See Table 5) for 5 
self-pollinated progenies of non-stoloniferous selections, 
excluding 4 selections that were erroneously called non- 
stoloniferous, indicated that inbreeding had given rela­
tively low percentages of stoloniferous seedlings, for ex­
ample, only 8.5 to 12.0 per cent. All progenies with a 
cumulative percentage of 20.0 or more of stoloniferous seed­
lings had either an erroneous non-stoloniferous selection
Table 2. Data for progenies of 6 strawberry plants first selected as phenotypically 
non-stoloniferous crossed with Sans Rivale and a cross between a non-stoloniferous
selection and 1 erroneously classified as such* Plant.ed in 1959*












LGxMyf2 x SR 12 136 87.8 91.9 a 91.9
. 2/
LGxM x SR 
2/
Mx0P#k x SR
13. 188 88.1 92.5 a 93.5
19 118 8k* 7 86.1 a 86.1
MxOP/r7 x SR 22 '121 79.0 8!u6 a 8I1.6
2/
JxM#2 x SR 10 80 80.0 88.9 a 88.9
2/
SR x JxM#l Ik 78 71.7 81+. 8 a 8k. 8
2/
MxOP,r7 x JxM#l 32 6k 62.5 66.7 66.7
1/ Chi-sqare test: percentages in I960 with the same letter are not significantly
different.
2/ These selections developed stolons subsequent to first being classified as pheno­
typically non-stoloniferous.
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Table 3* Data for progenies of strawberry plants selected 
at the close of their first year’s growth in the field as 
phenotypically non-stoloniferous. Planted in I960.
Pollination or Non-stolon- Stolon- jy
Cross iferous iferous I960 1961 -
MxOI#2selfed-l 
x self 86 8 7.4 8.5
LGxM#4 x self 199 26 10.8 11.6
LGxM#2xLGxM#3 &
recip-1 x self 257 55 9.2 12.0
LGxM#?-/ x self 124 51 16.8 20.0
LGxM#4 x LGxM#^ 158 44 19.2 24.2
LGxM#6xSR-2 x 
LGxM#6xSR-l 109 51 23.8 51.9
LGxM#6xSR-l x 
self 206 99 24.9 52.5
LGxM#6xSR-2 x 
self 76 59 51.9 43.7
L G x m ^ x  self 96 92 59.9 48.9
LGxM#6xSR-2 x 
LGxM#2xLGxM#3
and Recip.-l 55 71 41.3 56.3
LGxM#6xSR-5-/ x 
self 55 99 52.6 63.1
JxM#2—^ x self 86 189 60.0 68.7
Chi-square test: percentages for 1961 within the same 
bracket are not significantly different.
Selections: LGxM#3> LGxM#5, LGxM#6xSR-3 and JxM#2 pro­
duced stolons subsequent to first selection as pheno­
typically non-stoloniferous.
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(i.e. stoloniferous) as one parent (see Appendix Table l) 
or were sib-pollinations between selections that had Sans 
Rivale in their parentage. Powers (68) stated that the 
tendency to produce a large number of stolons is inherited 
as a dominant character. The data presented here indicates 
that a tendency to produce stolons rather than being non- 
stolonif erous may be dominant.
In Table 4, data for the total numbers of stoloni- 
ferous and non-stoloniferous seedlings and the percentage 
of stoloniferous seedlings appearing in the selfed progenies 
of 2 selections that were sibs from Lee Gem X Macedonian. 
(LGxM#l and LGxM#2 respectively) are given for comparison 
with similar data for the S-^ selections from these 2 sibs. 
The selections (59-1 to 59-5) appear in column 1 directly 
beneath their immediate parent. Table 4-a contains the re­
sults of Chi-square comparisons made in all possible combin­
ations for the data in Table 4. These data showed that 
the relative number of stoloniferous seedlings in a progeny 
can be reduced by selection and inbreeding. However, the 
3 progenies obtained from self-pollination of the selec­
tions (59-1, 59-2, 59-5) from the selection LGxM#2 did not 
have a significantly lower percentage of stoloniferous 
seedlings than their parent. It should be noted that a 
fourth S-^ selection (LGxM#2selfed-l) made from LGxM#2 had 
a significantly lower percentage of stoloniferous seedlings 
than its immediate parent.
The Sx selections 59-1 and 59-2 when open-pollinated 
had a significantly lower percentage of stoloniferous seed-
Table Ip. Data for progenies of 2 sib strawberry plants selected as non-stoloniferous













Cumulative percentages of 
stoloniferous plants 
1960 1961
LGxM#l x self I960 139 60 22.1 30.2
Sl : 59-lp x self 1961 195 k5 18.8
59-lp x open I960 218 37 , 12.9 lip*5
sl : 59-5 x self 1961 273 23 ---- 7.8
59-5 x open I960 21 k 23 3 * k 9.7
LGxM#2 x self I960 llp2 59 19.9 29.1|-
V 59-1 x self I960 llj.8 67 27.1+ 31.2'
59-1 x open I960 . 118 18 9.6 13.2
V 59-2 x self 1961 135 k 2
---- 23.7
59-2 x open I960 317 5 k 10.0 lip.6
si : 59-3 x self 1961 37i|. i l k 23.ip
59-3 x open I960 183 52 9.ip 22.1
si ! (LGxM#2selfed 
-1) x self I960 185 32 l . k III-. 7
Table Lj_a. Results of Chi-square comparisons of all possible combinations
1 2 3 k 5 6 7 8 9 10
1. LGxM#l x self -
2 e 59-1+ X self -
3. 59-lj. X open NS -
k* 59-5 X self -
5. 59-5 X open NS NS -
6 . LC-xM#2' x self NS -
7. 59-1 X self NS NS -
8. 59-1 X open NS NS NS NS
9. 59-2 X self NS NS NS NS -
•oH 59-2 X open NS NS NS NS -
11. 59-3 X self NS NS NS NS
12. 59-3 X open NS NS NS NS NS
13. LGxM;f2selfed-l x self NS NS NS ps NS
12 13
NS
Significant at the 1% level 
Significant at the 5% level 
NS: Not significants
39
lings than did their immediate parent LGxM#2 whereas 39-3 
when open-pollinated did not differ significantly from its 
female parent. The pollen parent apparently affected the 
ratio of stoloniferous to non-stoloniferous plants. Some 
outcrossing with open-pollination might be expected with 
the strawberry which has open blossoms that are visited by 
insects. However, all other comparisons between self- and 
open-pollinated seedlings of like parentage in Table 4 
showed no significant differences as regards the proportion 
that produced stolons. This could indicate either self- 
pollination or outcrossing to pollen parents with genotypes 
similar to the maternal parent. All parents in Table 4 
that were selected in 1939 as indicated by their serial 
numbers have remained phenotypically non-stoloniferous 
since that time as have the selections of the previous gen­
eration, LGxM#l and LGxM#2. At the time that the 1939 se­
lections were made and open-pollinated seeds of these se­
lections were collected in the field there were still some 
plants left in the field which subsequently produced stolons. 
The absence of any reliable genetic marker precludes the de­
termination of outcrossing that might have resulted from 
open-pollination.
Following self-pollination none of the selections 
(Table 4) bred true for the non-stoloniferous character.
It has already been stated that seedlings must be observed 
for at least 3 years to determine if they are actually 
phenotypically non-stoloniferous. Two generations of se­
lection and inbreeding of those selections proven to be
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phenotypically non-stoloniferous have effected significant 
reductions in the percentage of stoloniferous seedlings 
produced in some cases, but not in others. Thus selection 
followed by progeny testing is of direct value. Previous 
to the necessary progeny testing 3 years of field obser­
vations are needed but in these experiments crosses were 
made for reasons of expediency without the benefit of such 
progeny tests.
Hunter (54) reported virtual homozygosity for some 
fruit and plant characters in the strawberry in the gen­
eration. Thus selection and inbreeding lead to true- 
breeding lines for specific characters in the cultivated 
strawberry. Spangelo and Hunter (86) found a serious limi­
tation in evaluating strawberry inbi'eeding because of the 
difficulty of selecting seedlings from selfed progenies for 
continued inbreeding. In the present study, inbreeding 
has not consistently reduced the percentage of stoloniferous 
seedlings. Progeny tests of 23 of the total number (ca 50) 
of non-stoloniferous selections made through I960 indicated 
that progress toward establishing a true breeding non- 
stoloniferous genotype had been made as there had been a 
considerable increase in the percentage of non-stoloniferous 
seedlings among many progenies.
Data obtained the first year from the 1961 plantings 
of progenies of non-stoloniferous selections (see Table 5) 
indicated that apparently some further progress toward a 
true-breeding, non-stoloniferous genotype had been made as 
there were some progenies with appreciably low percentages
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Table 5* Data for progenies of strawberry plants selected 
as non-stoloniferous. Planted in 1961.
Selection and Total no. of plants Percentages of 
Pollination or ""ITon-sFoTon- Stolon- stoloniferous plants
Cross iferous iferous up to November,1961
60-21 x self 80 1 1.2
LGxM#2 x 59-6 85 4 4.6
59-6 x self 414 21 4.8
59-8 x 59-11 85 8 8.8
59-H x self 50 5 9.1
59-7-^x self 169 21 11.1
59-7-/x 59-6 207 52 15.4
59-6 x LGxM#6 86 16 15.7
59-8 x 59-6 158 56 18.6
59-8 x self 505 71 19.0
LGxM#6 x LGxM#2 129 52 19.9
LGxM#6 x self 184 64 25.8
60-14 x self 71 29 29.0
LGxM#6xSR-2 x LGxM#6 75 56 52.4
59-5 X 59-4 81 55 59.6
60-10 x self 164 158 45.7
Selection 59-7 produced stolons subsequent to selection.
(less than 5 per cent) of stoloniferous seedlings. However, 
the data is for only the first year, and a second season of 
growth and observation might alter the results somewhat.
It can be shown by the results obtained in 1961 
with the S-^ selections 59-5 and 59-4- (see Tables 4 and 5) 
that the percentage of non-stoloniferous seedlings realized 
may be unpredictable. For example, 59-5 x self-pollination 
had 25.4 per cent stoloniferous seedlings and 59-4 x self- 
pollination produced 18.8 per cent stoloniferous seedlings, 
but the cross (59-5) x (59-4) produced 59*6 per cent stolon­
iferous seedlings. A separate statistical comparison of 
these 5 progenies shows that the latter percentage is statis­
tically significantly higher than the percentages of stoloni­
ferous seedlings produced by either 59-5 or 59-4 when self­
pollinated.
Again with reference to the Chi-square comparisons 
made in all possible combinations for data in Table 5 (see 
Table 5a), the selection 59-6 x self produced 4.8 per cent 
of stoloniferous seedlings, LGxl^6 x self produced 25.8 
per cent of stoloniferous seedlings and the cross (59-6) x 
(LGxM#6) produced 15»7 per cent of stoloniferous seedlings. 
The cross between the 2 non-stoloniferous selections had a 
significantly higher percentage of stoloniferous seedlings 
than did 59-6 x self and a significantly lower percentage 
than LGxM#6 x self. In contrast, 59-H x self produced 9*1 
per cent of stoloniferous seedlings, 59-8 x self produced 
19.0 per cent of stoloniferous seedlings and the cross 
(59-8) x (59-H) had 8.8 per cent of stoloniferous seedlings.
Table 5a« Chi-square comparisons of all possible combinations.
1 2 3 k 5 6 7 8 9 10 11 12 13
1. 60-21 x self -
2. LGxM#2 x 59-6 NS -
3o 59-6 x self NS NS -
U- 59-8 x 59-11 NS NS NS -
5. 59-11 x self NS NS NS NS -
6 . 59-7 x self * NS NS NS -
7. 59-7 x 59-6 NS NS NS -
8. 59-6 x LGxM#6 NS NS NS NS -
9. 59-8 x 59-6 NS NS NS NS NS -
10. 59-8 x self NS NS NS NS -
11. LGxM#6 x LCxM#2' NS NS NS NS NS -
12. LGxM,76 x self NS NS NS NS -
«1-1 60-lip x self -:h:- NS NS NS -
lip, LGxM#6xSR-2 x LGxHtffe NS NS -
15. 59-3 x 59-ip ’/1 / \ NS NS NS
16. 60-10 x self ■vHi- \t*rvr \> s > NS
The percentages of stoloniferous seedlings produced by the 
cross and by 59-11 x self were not significantly differ­
ent, while 59-8 x self had a significantly greater percent­
age of stoloniferous seedlings than the cross. These data 
suggest that the stoloniferous character, which has been 
shown by Powers (68) to be a dominant character so far as 
number of stolons is concerned, might be quantitatively in­
herited or rather that the non-stoloniferous habit is other 
than a contrasting character that can be directly 1 member 
of an allelomorphic pair.
Mean vigor ratings made in I960 and 1961 for pro­
genies of the field grown seedlings (see Table 6) served 
only as a criterion of the overall vigor of the progenies. 
Comparisons between the 2 years were not made as growing 
conditions are a major factor in the vigor of any plant in 
any given year. The mean vigor rating is relatively low 
in most cases. Pigure 1 shows the extremes of vigor ob­
served among seedlings after 1 growing season in the field.
Statistical comparisons of the vigor ratings of the 
progenies rated in I960 and of those rated in 1961 indi­
cated that there were statistically significant differ­
ences. In I960, selection 59-1 x self had a significantly 
higher mean vigor rating than did its immediate parent 
LGxM#2 x self. The 1961 comparisons indicated that the 
sibs 59-4 and 59-5 had similar mean vigor ratings for their 
self-pollinated progenies. The sibs 59-2 and 59-3 also had 
similar mean vigor ratings for their self-pollinated pro­
genies.
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Table 6. Vigor ratings for 13 strawberry progenies in the 











LGxM#l x self 155 2.6a -  -  _
59-4 x self 198 _  _  _ 3.0b
59-5 x self 277 _  _  _ 2.9b
LGxM#2 x self 161 2.1 _  «  _
59-1 x self 156 3.6b _  _  _
59-2 x self 157 _  _  _ 5.3a
59-5 x self 578 -  -  - 5.3a
LGxM#2selfed-l x self 214 1.8 -  -  «
LGxM#6xSR-l x self 229 5.9b -  _  -
JxM#2 x self 110 2.6a _  _  _
59-6 x self 416 _  -  - 2.7
59-7 x self 172 -  -  - 5«5a
59-7 x 59-6 207 —  —  — 4.1
- Plants were rated for vigor according to the system de­
vised by Morrow et al (62). The most vigorous plant 
was designated as having a vigor of 10.
2/— Fisher’s t test: All values with the same letters
were not significantly different from each other. 
Comparisons were not made between the 2 years.
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Jones and Singleton (56) and Morrow and Darrow (61) 
noted a depression of vigor in inbred cultivated straw­
berry. However, these present data indicate that selection 
for vigor may offset this depression of vigor. The selec­
tions 59-1 > 59-2, and 59-5 were all selected from LGxM$2 x 
self, yet none of their progenies had a lower mean vigor 
rating than did their parent when self-pollinated. Thus se­
lection for vigor can largely eliminate the so-called in-
*
breeding depression in the strawberry. Of particular im­
portance, in no wise did vigor of plant as such when grown 
in the field appear to be associated with the expression 
of the non-stoloniferous character. Both plants with a 
low and a high vigor rating (see Figure 1) proved non- 
stoloniferous. This made possible selection of vigorous 
non-stoloniferous plants.
During the month of September, 1961 a large number 
of plants shov/ed the presence of adventitious roots on the 
inflorescences. Darrow (14, 24) reported the occurrence of 
adventitious roots on strawberry inflorescences and stated 
that considering the fact that stolons and inflorescences 
arose from like gi'owing points it was not surprising that 
intermediate forms were found. Figures 2, 5» 4 and 5 il­
lustrate a typical inflorescence and inflorescences that 
have produced adventitious roots or become modified to a 
vegetative form similar to that described by Darrow (14,
24).
When a typical strawberry inflorescence has matured 
its fruits, it usually dries up and parts of it may disappear
Figure 2. Typical inflorescence of a non-stoloniferous 
strawberry plant that blossomed in June. The inflores­
cence has matured its fruits and then dried up. Photo­
graph taken August, 1961,
4-8
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Figure 5. A strawberry inflorescence that has blossomed, 
matured its fruits and then become vegetative <> Photo­
graphed in August, 1961.
Figure 4-. Strawberry plant with an inflorescence that has 
dried up (left) and an inflorescence that has become vege­
tative (right). Photographed in August, 1961.
Figure 5» Strawberry inflorescences showing varying stages 
of formation of adventitious roots and vegetative response. 
Photographed in September, 1961.
51
by fall (see Figure 2), In contrast, Figure 3 illustrates 
a strawberry inflorescence that has become vegetative.
Thus a distinction between an inflorescence and a stolon 
becomes rather tenuous at least in its destiny. No ana­
tomical study was made, however, on these plant parts to 
see if internal structure was similar. Figure 4- illustrates 
a strawberry plant with both a typical inflorescence that 
has dried up and an inflorescence that has become vegeta­
tive. The vegetative inflorescence produced adventitious 
roots and not only resembled a stolon, but after having 
rooted into the soil actually functioned for propagation 
as does a stolon.
Figure 5 illustrates varying degrees of the vege­
tative response of strawberry inflorescences. Some are al­
most typical inflorescences but for the formation of adven­
titious roots. Others are difficult to distinguish from 
stolons and might even be stolons that had fruited prema­
turely without the usual elongation of their internodes.
As illustrated in Figure 6a, a stolon has developed 
with little elongation of the internode and has developed 
a daughter plant at the first node and then made no further 
growth. This branch is similar to that shown in Figure 3 
but shows no evidence of having fruited. Figure 6b illus­
trates a typical but short stolon with 2 internodes that 
has formed a daughter plant and then another stolon. The 
second stolon, however, has only 1 internode rather than 2.
It was necessary to remove the inflorescence shown 
in Figure 7a from the soil to determine that it was actually
52
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Figure 6. Examples of variations of form in stolon devel­
opment. Photographed in August, 1961.
BFigure 7» Strawberry offshoots intermediate between a 
stolon and an inflorescence. Photographed in September, 
1961. I = Inflorescence branch. 0 = Offshoot.
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an inflorescence and not a stolon (note branch of inflor­
escence at first node). The plant illustrated in Figure 
7b has produced an offshoot (0) that has grown in an up­
right position and has developed, at the first node, ad­
ventitious roots which are over 2 inches in length. The 
offshoot pictured could be similar to the offshoot illus­
trated in Figure 6a but for the presence of the inflores­
cences. These illustrations give an indication of the dif­
ficulties encountered in attempting to distinguish between 
a stolon and an inflorescence. The intergrading of the 2 
classifications can readily be seen from these illustra­
tions.
Chi-square tests made in all possible combinations 
for the data in Table 7 (see Table 7a) indicated statisti­
cally significant differences among the progenies in the 
tendency to produce adventitious roots on the inflores­
cences .
hon-stoloniferous selections that developed adventi­
tious roots on their inflorescences in 1961 (see Table 8) 
occurred commonly in the breeding material. Present data 
are not adequate to explain inheritance of this trait. 
Crosses should be made between phenotypes producing inflor­
escences with adventitious roots as well as further self- 
pollinations, Only 1 such selfed progeny became available 
for study incidental to self-pollination of the non- 
stoloniferous selection 59-5 • The effect of environment 
on the expression of this character is not presently under­
stood.
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Table 7. Number and percent of non-stoloniferous straw­
berry seedlings with adventitious roots on the inflores-













59-6 x self 409 28 6.8
59-8 x self 182 15 8.2
59-8 x 59-6 158 17 10.8
59-3-/x self 236 41 17.4
60-10 x self 162 48 29.6
60-14 x self 71 21 29.6
59-7 x self 161 72 44.7
LGxM#6xSR-2 x LGxM#6 75 37 49.3
59-7 x 59-6 207 135 65.2
—  ^ Selection 59-5 showed adventitious roots on its inflor­
escences, the other selections did not.
Table 7a<> Chi-square comparisons of all possible combina­
tions .
1 2 3 4 5 6 7 8 9
1. 59-6 x self -
2. 59-8 x self NS -
3o 99-8 x 59-6 NS NS —
4, 59-3 x self * * * NS —
5. 60-10 x self * * * * * * * -
6. 60-14 x self ♦ * * * * NS NS —
7. 59-7 x self * * * * * * * * NS NS _
8. LGxM#6xSR-2 x LGxM#6 * * * * * * * * NS NS NS —
9. 59-7 x 59-6 * * * * # * * * * * * * * NS -
** Significant at the 1% level 
* Significant at the y/o level 
NS Not significant„
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Table 8. Strawberry selections that developed adventitious 
roots on the inflorescences in the field, September, 1961.
Selection Parentage
LGxM#l Lee Gem x Macedonian
LGxM#3 Lee Gem x Macedonian
LGxM#6xSR-l (LGxM#6) x (SR)
JxM//l Jessie x Macedonian
MxOI#2 Macedonian x open-pollination
MxOP#7 Macedonian x open-pollination
59-5 LGxM#2 x self-pollination
59-5 LGxM#l x self-pollination
59-12 (LGxM#2) x (SR)
60-17 (59-10) x (59-1)
60-20 (JxM#2) x (MxOP#l)
61-3 (MxOP$7) x (JxM#l)
61-10 59-1 x self-pollination
61-11 59-1 x self-pollination
61-13 LGxM#6xSR-3 x self-pollination
61-14 (LGxM#6xSR-2) x (LGxM#2xLGxM#5 and recip.-l)
61-15 (LGxM#6xSR-2) x (LGxM#2xLGxM#5 and recip.-l)
61-34 Redrich x self
61-37 (LGxM#2selfed-l) x (LGxM#6xSR-l)
61-39 (JxM#2) x (MxOI#l)
61-40 MxOP^l x self-pollination
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An effect of gibberellic acid and photoperiod on 
the expression of adventitious roots on the inflorescences 
of 5 non-stoloniferous selections grown in the greenhouse 
in I960 (see Table 9) was observed. The gibberellic acid 
treatment increased the height of the plants as would be 
expected from the results reported by others (1,64,66,90).
This increased height of gibberellic-acid-treated plants 
verified that gibberellic acid was acting upon the plant.
In contrast, however, stolons were produced by the stoloni­
ferous variety Sparkle whether treated with gibberellic 
acid or not. While only 4 out of 7 untreated Sparkle 
plants under the 12-hour photoperiod produced stolons, all 
3 Sparkle plants treated with gibberellic acid produced 
stolons. All 7 untreated Sparkle plants under the 17-hour 
photoperiod formed stolons. None of the non-stoloniferous 
selections produced stolons under any treatment. The fail­
ure of the non-stoloniferous selections to produce stolons 
under these environmental conditions supports the assumption 
that the non-stoloniferous selections are not only genetically 
different from the Sparkle variety, but that they have a 
tendency to react differently to a similar environment.
All plants of the non-stoloniferous selections ex­
hibited some form of adventitious root formation on the in­
florescences when treated with gibberellic acid and main­
tained under a 17-hour photoperiod. At the same photoperiod 
only 1 of 13 untreated non-stoloniferous plants produced ad­
ventitious roots on their inflorescences. Moreover, the 
particular non-stoloniferous selection, LGxM#6, to date
Table 9. Effect of gibberellic acid and 2 photoperiods on the height of plant, number 
of plants developing stolons, and number of plants forming adventitious roots on their 
inflorescences for strawberries grown in the greenhouse from April 11 to June 15, I960.
12-hour photoperiod





















59-5 1 11.5 0 0 3 3o5 0 0
59-6 1 7.6 0 0 5 3.6 0 0
LGxM#6 1 11.3 0 0 2 5.1 0 0
LGxMj&xSR-l 1 12.0 0 0 3 0 0
LGxK#6xSR-2 1 ; 12.8 0 0 3 5.8 0 0
Total 5 ; 0 0 1$ 0 0
Stoloniferous
Sparkle 3 11.5 3 0 7 5.5 5 0
l /  Number of plants with inflorescences with adventitious roots.
Table 9. Continued
17-hour photoperiod
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59-5 1 8.0 0 1 3 k-'b 0 0
59-6 1 13-5 0 1 k b-2 0 0
LGxM#6 1 10.5 0 1 2 6.1 0 1
LC-xMy&xSR-l 1 16,0 0 1 3 6.2 0 0
LGxM,y6xSR-2 1 10.5 0 1 3 6.0 0 0
Total 5 0 5 15 0 1
Stoloniferous
Sparkle 3 10.8 3 0 7 6.6 7 0
l/ Number of plants with inflorescences with adventitious roots.
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has not exhibited adventitious roots on the inflorescences 
under field conditions. The gibberellic-acid-treated 
plants receiving a 12-hour photoperiod showed no similar 
response in adventitious roots being produced on the inflor­
escences, nor did the untreated plants. This suggests 
some relationship between photoperiod and gibberellic acid 
or gibberellin-like substances in promoting the formation 
of adventitious roots on strawberry inflorescences of non- 
stoloniferous selections. Gibberellin-like substances have 
been shown to occur in strawberry plants (65,90), but the 
inflorescences were not analyzed for the presence of these 
substances. Porlingis and Boynton (66) published a picture 
and discussed elongation of a lateral branch from a decap­
itated strawberry plant of the Missionary variety. This 
branch produced "a rosette of leaves with roots at the end 
of the lateral branch" after 2 months of growth following 
treatment with gibberellic acid. The type of grov/th de­
scribed is essentially similar to that noted under natural 
field conditions in this study (see Figures 5, 6a, and 7b).
The effect of blossom removal and 2 photoperiods 
on the number of inflorescences and number of stolons on 
strawberry plants grown in the greenhouse in 1961 is shown 
in Table 10. Under 2 photoperiods blossom removal from 
non-stoloniferous selections resulted in neither stolon 
production nor a statistically significant increase in the 
number of inflorescences produced. The effect of blossom 
removal on stolon production of Sparkle however is quite 
evident. Regardless of photoperiod, blossom removal en-
Table 10. Effect of blossom removal and 2 photoperiods on the number of inflorescences 
and number of stolons produced by 2 non-stoloniferous selections and by the variety 
Sparkle grown in the greenhouse March 3, to June 13, 1961. —^
13-Hour photoperiod 17-hour phot operiod






















LGxM#6xSR-l 31+ 0 15 0 35 0 38 0
59-6 26 0 20 0 33 0 25 0
Sparkle 1+ 11+ 3: 0 6 13 3 2
1/ Total numbers for 3 plants of each selection or variety.
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hanced stolon production of the variety Sparkle. This is 
in accord with the results reported by Scott and Marth (81), 
who reported a considerable increase in runner production 
of strawberry plants following hand removal of the inflor­
escences. These results are further evidence of a rather 
direct environmental effect on stolon production (or the 
lack of it) in the cultivated strawberry. In this work, a 




The breeding behavior of non-stoloniferous culti­
vated strawberries was studied, and field grown progenies 
from phenotypically non-stoloniferous plants were evalu­
ated,, The tendency for strawberry plants to remain non- 
stoloniferous appears to be heritable. Either self- or 
open-pollinated progenies of several everbearing varieties 
are a ready source of plants possessing the non-stoloniferous 
character.
Observation in the field for a minimum of three 
years was necessary to ascertain if selected plants were 
actually phenotypically non-stoloniferous.
Inbreeding non-stoloniferous phenotypes to the 
generation resulted in a significant increase in the per­
centage of non-stoloniferous seedlings among the progenies, 
but no true-breeding, non-stoloniferous phenotype was ob­
tained.
Numerous plants intermediate between non- 
stoloniferous and stoloniferous phenotypes were observed 
and are illustrated. Non-stoloniferous plants that pro­
duced adventitious roots on the inflorescences were found 
in certain progenies.
The expression of the non-stoloniferous phenotype 
and of the presence of adventitious roots on the inflores­
cences of such phenotypically non-stoloniferous plants ap-
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pears to be influenced by photoperiod and environmental 
conditions.
Greenhouse experiments indicated that gibberellic 
acid enhanced the expression of adventitious roots on the 
inflorescences when non-stoloniferous plants were grown 
under a 17-hour photoperiod. Neither blossom removal nor 
the photoperiods used in the greenhouse resulted in initia­
tion of stolons on the non-stoloniferous strawberry plants 
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SECTION VII
APPENDIX
Table 1. Strawberry selections that produced stolons after 











Lee Gem x Macedonian 
Lee Gem x Macedonian 
Lee Gem x Macedonian 
(LGxM#6) x (Sans Rivale)
(Sans Rivale) x (MxOP#2) 
Jessie x Macedonian 
Jessie x Macedonian 
Macedonian x open-pollination 
Macedonian x open-pollination
Table 2. Time of sunrise and sunset, and hours of daylight 




hr. min. hr. min. hr. min.
January 5 7:52 16:39 9:07
10 7:51 16:44 9:15
15 7:29 16:30 9:21
20 7:27 16:58 9:29
25 7:25 17:03 9:40
50 7:18 17:10 9:52
February 4 7:15 17:16 10:03
9 7:07 17:23 10:16
14 7:00 17:29 10:29
19 6:52 17:56 10:44
24- 6:4-9 17:42 10:57
March 1 6:57 17:49 11:12
6 6:28 17:55 11:27
11 6:20 18:01 11:41
16 6:11 18:07 11:56
21 6:02 18:13 12:11
26 5:55 18:19 12:26
51 5:44 18:25 12:41




Date Sunrise Sunset Hours of
Daylight
hr. min. hr, min. hr. min
April 5 5:56 18:51 12:55
10 5:27 18:57 13:10
15 5:19 18:42 13:23
20 5:10 18:48 13:38
25 5:02 18:54 13:52
50 4:55 19:00 14:05
May 5 4:49 19:05 14:16
10 4:42 19:11 14:29
15 4:56 19:17 14:41
20 4:52 19:22 14:50
25 4:27 19:27 15:00
30 4:24 19:52 15:08
June 4 4:21 19:36 15:15
9 4:19 19:40 15:21
14 4:17 19:44 15:27
Table 3« Parentage of numbered selections made in 1959.
Selection Parentage
59-1 LGxM#2 x self
59-2 LGxM#2 x self
59-3 LGxM#2 x self
59-4 LGxM#l x self
59-5 LGxM#l x self
59-6 (MxOP#2) x (MxOP#l)
59-7 (Sans Rivale) x (MxOP#2)
59-8 (LGxM#2) x (LGxM#5) and reciprocal
59-9 (MxOP#7) x (LGxM//6)
59-10 (LGxM#2) x (Sans Rivale)
59-H (LGxM#2) x (Sans Rivale)
59-12 (LGxM#2) x (Sans Rivale)
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Table 4, Parentage of numbered selections made in I960.
60-1 99-1 x self-pollination
60-2 99-1 x self-pollination
60-9 99-1 x self-pollination
60-4 99-1 x self-pollination
60-9 99-1 x self-pollination
60-6 LGxM#2xLGxI'V/9 and recip.-l x self-pollination
60-7 LGxM#2xLGxM#9 and recip.-l x self-pollination
60-8 LGxM#2xLiGxM#9 and recip.-l x self-pollination
60-9 LGxM#2xLGxM#9 and recip. -1 x self-pollination
60-10 (LGxM#2selfed-l) x (LGxM#6xSR-2)
60-11 (LGxM#2selfed-l) x (LGxM#6xSR-l)
60-12 (LGxM#l) x (LGxM#2)
60-19 (LGxM#l) x (LGxM#2)
60-14 (99-10) x (99-1)
60-19 (99-10) x (99-1)
60-16 (99-10) x (99-1)
60-17 LGxM#2selfed-l x self-pollination
60-18 LGxM#4 x self-pollination
60-19 (LGxM#2) x (LGxM#9)
60-20 (JxM#2) x (MxOIV/l)
60-21 (99-H) x (99-1)
60-22 LGxM#6xSR~l x self-pollination
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